Introduction The aim of the study was to compare the mortality risk and complication rate after operative treatment of pertrochanteric fractures with primary arthroplasty, dynamic hip screw (DHS) or proximal femoral nail (PFN). Patients and methods Clinical records including X-rays of all patients with trochanteric femoral fractures, except pathologic fractures and a minimum age of 60 years, which were treated between 1992 and 2005 were entered in this retrospective study. Of these 283 patients, 132 were treated by primary arthroplasty, 109 with a DHS and 42 with a PFN. Survival after 1 year and complications, which had to be treated within this period were our main outcome measurement. InXuencing cofactors such as age, gender and comorbidities were reduced by multivariate logistic regression analysis. Results Mortality was signiWcantly inXuenced by age, gender and amount of comorbidities but not by fracture classiWcation. Primary hip arthroplasty did not bear a higher 1-year mortality risk than osteosynthesis in a multiple regression analysis. The main complication with DHS and PFN were cutting out of the hip screw and non-union with a revision rate of 12.8%. With the introduction of hemiarthroplasty, the postoperative dislocation rate decreased from 12 to 0%. Conclusion For stable fractures a dynamic hip screw (DHS) and for unstable fractures a short proximal femoral nail (PFN) can be recommended. The mortality risk of primary cemented arthroplasty did not diVer signiWcantly from the other treatment groups and because of its low complication rate it is a viable treatment option for trochanteric fractures if osteoporosis prevents from full weight bearing or if osteoarthritis makes further operations likely. Primary total hip replacement should be handled with care due to its signiWcantly higher dislocation rate compared with hemiarthroplasty especially in unstable fractures.
Introduction
While relative consensus exists about the treatment of femoral neck fractures for elderly patients, the optimal treatment for per-and intertrochanteric fractures is still under debate [1, 7] . In a previous study of 1,173 patients with proximal femoral fractures it appeared that trochanteric fractures are still a challenge, as 1-year mortality risk and complication rate were considerably higher compared with femoral neck fractures [7] . As restoration of the preoperative ambulatory level correlated with survival rate after 1 year [7] and elderly patients are often unable to cooperate with partial weight bearing, the primary stability of the device is crucial to allow early mobilization to prevent cardio-pulmonal complications and thrombosis. Excessive collapse of the fracture site and varus displacement is a common problem of sliding hip screws combined with plates or femoral nails especially in elderly women who often suVer from osteoporosis and poor bone quality [16] . Therefore, primary arthroplasty was proposed by some authors [4, 10, 28] but their patient collectives ranging from 37 to 54 were to small to allow general recommendations. Because we used hip arthroplasty even for trochanteric fractures for a long time as a standard procedure [7, 26] , we are now able to report on our experiences in a large number of patients.
This study compares the mortality risks and 1-year postoperative complications between arthroplasty and osteosynthetic Wxation (DHS or PFN) for intertrochanteric fractures. A 1-year mortality was chosen as a main indicator as it depends on the surgical trauma as well as the rapid return to preinjury activity and further complications. A 1-year period was chosen as the mortality risk approaches that of an age-matched reference population after this interval [32, 35] .
Patients and methods
A total of 308 patients who were treated for trochanteric femoral fractures between 1992 and 2005 with a minimum age of 60 years were enrolled in this study. Seventeen patients with pathologic fractures due to metastases were excluded. Information about survival after 1 year could be achieved from 283 of the 291 patients.
Two hundred and seventeen patients (76.7%) were female. The mean age at the time of surgery was 80.5 ( §9) years ranging from 60 to 98 years. Women (82 § 8 years) of our cohort were signiWcantly older than men (75.5 § 11 years; P < 0.01).
The fracture type was classiWed according to the System of the Orthopedic Trauma Association (AO/OTA) [24] . Pertrochanteric two part fractures are classiWed as A1-type, multi-part fractures as A2-type and reversed oblique intertrochanteric fractures as A3-type fractures. While all A1-type fractures are considered to be stable, most of the A2 and all A3 type fractures are unstable [19] . The distribution of the fracture types within the treatment groups is displayed in Fig. 1 .
A total of 109 patients (38.5%) were treated with a "dynamic hip screw" (DHS by Synthes ® ). Within this group there were mainly stable fractures type A1 (52%) or A2 (44%; Table 1 ); 132 patients (46.6%) were treated with primary arthroplasty, 117 with a total hip replacement (THR) and 15 with a bipolar hemiarthroplasty (HA). Since 2000 PFN (Synthes ® ) was used in 42 of the 100 cases, mainly for unstable fractures in patients without advanced osteoarthritis. As demonstrated in Table 1 , these patients were younger and more frequently male (P < 0.05).
Outcome variables
Primary outcome variable was the 1-year mortality risk (Table 2) . Furthermore, the occurrence of complications which led to further interventions was analyzed in multiple regression analysis. These were dislocation of the hip, nonunion of the fracture, cutting out of the hip screw, infections, thrombosis and hematoma.The Merle d'Aubigne test Fig. 1 Distribution of the surgical treatment depending on the fracture type. The dynamic hip screw (DHS) was mostly used in more stable fractures, while the proximal femoral nail (PFN) was mainly used in A3-type fractures (X² = 22.4, P < 0.001) (0 to 18 points) was used to assess the patients [10] . We further questioned whether the patients returned to their preoperative status (e.g. living at home).
Surgical technique
The proximal femoral nail (PFN by Synthes ® -Switzerland) or the dynamic hip screw (DHS by Synthes ® -Switzerland) was used according to the manufacturer's instructions. For closed reduction the patients were positioned supine on a fracture table. Only 135° four hole-DHS plates without additional trochanteric stabilizing plates or tension band wires were used in this series.
For hemiarthroplasty a standard cemented stem (Weller, Aesculap, Germany) and a bipolar head (DePuy, Leeds, England) were used. All femoral stems were cemented using the modern 3D generation cementing technique [2] . In cases of total hip replacement, a polyethylene cup (Aesculap ® , Germany) was cemented in the same manner (Fig. 3) .
Statistics
First we performed univariate analysis of independent variables (age, sex, treatment, preoperative risk factors, etc.) and mortality using Fischer's exact test for qualitative variables and ANOVA for quantitative variables. The homogeneity of variance was checked by Levene test. All tests were two-sided and a P · 0.05 was considered to be signiWcant.
The inXuence of treatment on mortality was checked by a multiple logistic regression model adjusted for the presence of preoperative comorbidities (four or more vs. up to three), fracture classiWcation, age, gender, complications requiring revision surgery and year of surgery.
We used RR additional to OR because the more frequent the outcomes becomes, the more the odds ratio will overestimate the risk ratio when it is more than 1 or underestimate the risk ratio when it is less than 1 [34] . Odds ratios (OR) were transferred to relative risks (RR) according to the method of Zhang et al. [34] with the formula: RR = OR/ [(1 ¡ P 0 ) + (P 0 £ OR)], where P 0 is the incidence of the outcome in the nonexposed group (reference category), and OR the odds ratio given by the multiple analysis. A RR < 1 refers to a factor category that is mitigating (decreasing) the risk of the outcome (e.g. dying) when present, an RR > 1 refers to a factor category that is increasing that risk when present compared with the reference category.
All analyses were conducted with the SPSS statistic software for Windows 12.0 (SPSS, Chicago, IL, USA). 
Results

Surgery
Eighty-Wve percent of our patients were operated within 1 day after admission. In the other cases, operation was delayed to improve the preoperative condition of the patient, e.g. by transfusion or change of medication. This was independent of the treatment groups (P = 0.307).
Mean blood loss and operating time diVered signiWcantly depending on the type of operation. The mean blood loss for arthroplasty (1,050 § 700 ml) was signiWcantly higher than for Wxation with a DHS (409 § 360 ml) or PFN (332 § 277 ml; P < 0.001). Table 2 ).
InXuence of gender and age
As demonstrated in Fig. 2 , survival was correlated to age and gender; 34.8% of the male and 24.9% of our female patients dies within the Wrst year (relative risk 0.34, P = 0.004; Table 4 ). Not considering the diVerent treatment groups patients over the age of 80 years had an increased mortality risk (P = 0.004).
InXuence of comorbidities
The comorbidities and their prevalence are shown in Table 3 . Of the single comorbidities only cardiac arrhythmia and cerebral diseases (P = 0.04) showed a signiWcant inXuence on mortality. Logistic regression analysis demonstrated that four or more comorbidities increased the risk to die by 78% (relative risk 1.78, P = 0.009; Table 4 ). Forty-eight percent of our patients had four or more comorbidities and showed a mortality risk of 33.3% compared with 17.4% if they had less than four (P = 0.032 in 2 -test).
InXuence of fracture-classiWcation and treatment
Only pertrochanteric fractures were enrolled in this study and sorted according to the AO/OTA classiWcation (Fig. 1) . While the mortality did not diVer between A1-(23.0%) and A2-type fractures (25.5%), it was higher in A3-type fractures (31.8%; Table 2 ). As this fracture type aVected only 7% of our patients, it did not signiWcantly inXuence the mortality risk (P = 0.42). About 18.4% of the patients who received a dynamic hip screw, 21.4% of those who received a proximal femoral nail and 33% in the arthroplasty groups (THR and HA) died within 1 year (P = 0.011). As the indication for surgery was not randomized but decided on fracture classiWcation and clinical status we attempted to reduce these inXuences in a multiple logistic regression analysis (Table 4 ). All potential inXuencing factors as gender, age, fracture type and amount of comorbidities were taken into account. If categorical variables were used to evaluate the interaction between fracture classiWcation and treatment, we could not Wnd a statistical inXuence of surgical treatment on mortality ( Table 4 ). The relative risk to die was decreased for A.1-and A.2-type fractures, treated with a DHS, but this did not reach signiWcance levels. As only seven patients with a A.1-type fracture were treated with a PFN (and all of them survived), no sensible statistical analysis can be done for this category. As all devices showed good results for this kind of fracture, the decision should be based on other parameters for A.1-type fractures. Fig. 2 InXuence of age and gender. Independent of the treatment and fracture type the mortality risk was signiWcantly inXuenced by age for both genders (P = 0.018 for men, P = 0.002 for women). After multivariate analysis, the risk to die was signiWcantly lower for woman (relative risk 0.34, P = 0.004) and higher for patients over the age of 90 years (relative risk 3.61; P = 0.009) Because our treatment regime was changed in the beginning of 2000 (introduction of the PFN, new bipolar hemiarthroplasty instead of total hip arthroplasty; Table 2 ), we implicated the time of surgery in our analysis. Since then the 1-year mortality after arthroplasty decreased from 34.2 to 19% (P = 0.26, Fisher's exact test). Although over all mortality decreased from 29 to 18%, no inXuence of time of surgery on the mortality risk could be found using multivariate regression analysis (P = 0.54; Table 4 ).
InXuence of complications
The only postoperative complication which inXuenced the survival rate was postoperative pneumonia. It occurred in 13 cases independent of the treatment groups (P = 0.26). Six of the patients died within 1 year (P = 0.048).
The DHS had a revision rate of 8.1%, while the PFN needed reoperations in nine cases (22.5%). The main reason was cutting out of the screw in the osteoporotic bone and postoperative hematoma. Due to cutting out and Wxation failure secondary hip arthroplasty was performed after failed internal Wxation ten times. It happened six times (5.4%) after a DHS and four times (9.8%) after a PFN.
The main complication after arthroplasty was dislocation, which occurred in 16 patients (12%). It did not occur with bipolar hemiarthroplasty. While dislocation was only a minor problem in A1-type fractures (7%), it occurred in ten A2-type (12%) and two of the nine A3-type fractures (22%). Patients were usually treated by closed reduction and physiotherapy and it did not inXuence mortality (P = 0.78).
Rehabilitation
The mean hospital stay was 18 days and did not diVer signiWcantly between the three treatment groups (P = 0.7). It prolonged to a mean of 30 days if a reoperation became necessary (P = 0.003). Patients who were ambulatory before the injury could walk with a walker or sticks at time of discharge; 80% of the surviving patients who were independent before the injury regained their preoperative status after 1 year. Since the year 2000 patients were encountered to a prospective registry. The mean Merle d'Aubigné score (0-18 points) for the surviving 78 patients was 13.8 § 2.5. No signiWcant diVerences could be found between the three treatment groups (P = 0.122).
Discussion
While primary arthroplasty is a standard procedure for femoral neck fractures, little experience exists for trochanteric fractures [4, 5, 9, 28] . They were primarily used as a salvage procedure after failed internal Wxation [12, 15, 21, 23, 31] . Most authors implanted special calcar replacement devices, which are expensive and require the removal of large portions of the proximal femur [3, 8, 13, 28] . We used a standard cemented stem and either a standard cemented cup or a bipolar head since the 1970s in our hospital. As it proved superior to former methods of internal Wxation even for pertrochanteric fractures it was the treatment of choice since 1992 [26] . From the year 2000 on hemiarthroplasty was routinely used instead of total hip arthroplasty and the Table 3 The prevalence and relative risks of the most common comorbidities Relative risks (RR) are computed from odds ratios (OR) by the following formula: RR = OR/[(1 -P 0 ) + (P 0 £ OR)] P 0 is the proportion of patients with the respective disease dying within 1-year after proximal femoral fracture RR < 1.0 represents a minor risk of mortality; RR > 1.0 represents a major risk of mortality compared with patients without this criteria; * P · 0.05; ** P · 0.01 proximal femoral nail was introduced for patients without advanced osteoarthritis. The ideal treatment for intertrochanteric fractures is still under debate as none of the existing osteosynthetic devices could prove its superiority in former studies [16, 25, 29, 30] . The most frequent problem in elderly patients who usually are not able to walk without weight bearing was a cutting out of the hip screw which occurred in 4 to 20% of the reported cases [4, 6] . In our series this complication was only seen in comminuted fractures (A2 and A3 type). Thus, 10 times (6.2% of the internal Wxation devices) a secondary hemiarthroplasty was performed. Immediate full weight bearing regardless of bone quality is an advantage of primary cemented arthroplasty. In our hospital, all patients are encouraged to stand up the day after surgery. Dislocation was the major complication in patients treated with a total hip replacement after comminuted pertrochanteric fractures. This high dislocation rate is rarely seen after primary hip arthroplasty but well known even for femoral neck fractures [22] or revision surgery [33] and can be attributed to insuYcient muscular stability. Fractures of the greater or lesser trochanter might exaggerate this problem. The use of bipolar arthroplasty instead of total hip replacements can reduce this complication to an acceptable rate [11, 28] . Since we use total hip arthroplasty only in patients of good physical shape with severe osteoarthritis we did not see any dislocations.
Ambulatory levels and clinical scores are considerable aVected by the preoperative status. Since clinical examination usually cannot be obtained for all patients, reliable comparison is diYcult. Some authors use telephone interviews [4] or report about less than 50% of their patients for a 1-year follow-up [10] . In both cases it can be assumed that patients with bad functional results are not regularly included. We could also examine only 78% of the last 100 patients clinically and therefore do not want to overemphasize these Wndings. Instead we chose the 1-year mortality risk as the primary outcome parameter as it could be obtained for all patients and is related to the postoperative ambulatory status as well as to the operative trauma [14] . In a previous study with more than 500 fractures, we could demonstrate that patients who regained their independency and were able to attend a rehabilitation institution had a signiWcantly lower mortality risk [7] , which was further supported in this study.
Mortality was signiWcantly inXuenced by patient related factors such as gender, age and comorbidities but not by the fracture type. In accordance with our former studies and other authors [7, 17, 20, 26] few single comorbidity inXuenced the mortality risk whereas the sum of four or more comorbidities increased the risk to die by approximately 78% (Tables 3 and 4) . Patients who received a PFN or DHS were signiWcantly younger and healthier than those in the arthroplasty group. These inXuences were reduced by (Table 4) . Furthermore, the interaction of fracture type and treatment was taken into account. Considering these inXuences, no signiWcant inXuence of one of the three treatment groups on the mortality risk could be found. In studies that only use internal Wxation devices mortality risks comparable with our over all mortality were found [27] , thus-in accordance with other authors [3, 13] -we think that cemented hemiarthroplasty is an alternative to internal Wxation in elder patients especially as our revision rate was signiWcantly lower for arthroplasty compared with internal Wxation. Only Chan et al. [4] published a study about the use of a standard hemiarthoplasty for the treatment of displaced intertrochanteric fractures. In their small group of 54 patients they found a mortality rate of 31.5% within 1 year which did not diVer from comparable age-matched studies. The walking ability of their patients was favorable compared with other studies with internal Wxation. We agree that immediate full weight bearing, which can be achieved after cemented arthroplasty, is crucial for these patients.
Haentjens et al. compared 37 patients who received a calcar replacement device with 42 patients of a retrospective group, who were treated by internal Wxation and found an advantage in functional outcome [10] . Although the mortality rate could not be decreased, early walking with full weight bearing reduced the incidence of pressure sores, pulmonary infection and atelectasis. Kim et al. [18] who compared a calcar replacement prosthesis with intramedullary Wxation in a prospective study in two small groups of 29 patients could not Wnd a signiWcant diVerence concerning the functional outcomes, but the cut-out rate of the hip screw was 7% in their patients.
Up to now a clear indication of arthroplasty in the treatment of pertrochanteric fractures does not exist. Although operation time and blood loss are higher no signiWcant diVerence concerning the mortality rate between primary arthroplasty and internal Wxation could be found, but the revision rate in the arthroplasty group was signiWcantly smaller especially since we use bipolar hemiarthroplasty instead of a total hip replacement. If the cemented arthroplasty has been performed accurately, there is very little concern about weight bearing. Furthermore, primary arthroplasty eliminates the possibility for malunion, cut-out of the hip screw and avascular necrosis of the femoral head. But primary arthroplasty is a technically challenging procedure. All lose fragments including the greater and the lesser trochanter have to be attached with cerclage wires before cementing the stem to prevent extrusion (Fig. 3) and especially in utterly comminuted fractures orientation of the rotation and leg length can be demanding.
The DHS is not suitable for reverse oblique and comminuted fractures [19, 30] but for stable fractures it seems to be advantageous to short femoral nails regarding reoperation rate and fracture Wxation failure in the literature [16, 29] . We further support the recommendation that the DHS should be used for stable A1-and A2.1-type fractures while an intramedullary device is advantageous for unstable fractures. Primary cemented arthroplasty is a viable option for the treatment of trochanteric fractures in a selected group of previously independent mobile patients especially if osteoporosis would prevent full weight bearing or osteoarthritis would make further operations necessary. The routine use of total hip arthroplasty was abandoned in our hospital as the luxation rate was higher than after hemiarthroplasty. It is still used as salvage procedure after failed internal Wxation in elder patients with bad bone quality. Fig. 3 Examples of treatment of A2-type fractures with a hemiendoprosthesis and tension band wires. Depending on the fracture type diVerent ways of Wxating the trochanteric region with wires were used. In the case of a calcar fragment reaching distal to the lesser trochanter a temporary reduction with a cerclage wire or reduction bone clamp was used before reaming. Final Wxation of the greater trochanter was performed after reduction of the hip with cerclages or a tension band
